the effect of initial orientation in the same manner as in the study of the zebrafish larvae, 1 4 5 the effect of initial orientation on escape probability became statistically insignificant 1 4 6 ( Fig. 2B ). In light of these facts, the binning procedures and/or the large variation in the 1 4 7 other variables may have masked the actual effect of initial orientation, and thus initial 1 4 8 orientation could actually be a crucial parameter for predator evasion in other fishes as Our results also show that an increase in the initial orientation decreases the 1 5 1 turn angle and its duration (Fig. 4) . This initial orientation-turn angle relationship is 1 5 2 consistent with studies of many animal taxa (e.g., other fish, frogs, cockroaches, and Committee of the Institute for East China Sea Research, Nagasaki University (Permit no. Committee of Nagasaki University. Hatchery-reared P. major (n=151) were utilized as prey fish in this study. All individual 2 1 6 P. major were provided from commercial hatcheries, and were kept in three 200 L 2 1 7 polycarbonate tanks at the Institute for East China Sea Research, Nagasaki University, 2 1 8 Japan. They were fed with commercial pellets (Otohime C2, Marubeni Nisshin Feed 2 1 9
Co., Ltd., Tokyo, Japan) twice a day. As predators, we used S. marmoratus (n=7), which is a common reef predator 2 2 1 around the coast of Japan. S. marmoratus usually employs a "stalk-and-attack" tactic. All S. marmoratus were collected by hook-and-line around Nagasaki prefecture, Japan. The collected S. marmoratus were kept in a glass aquarium (1200×450×450 mm) before 2 2 4 the start of the experiment. They were standardly fed krill once every 2-4 days. The position of the center of mass (CM) for P. major was estimated by hanging 2 2 6 dead fish (54.3±3.3 mm TL, n=10) from two different points using a suture and needle 2 2 7 (Lefrancois et al., 2005) . The CM position from the tip of the head was estimated as 2 2 8 0.34±0.01 TL. Experiments were performed in a glass aquarium (900×600×300 mm) with seawater to 2 3 2 a depth of 100 mm. The water temperature during the experiments was 23.1±0.9°C. White plastic plates with grid lines were placed on the bottom and three sides of the 2 3 4 tank; one side (900×300 mm) of the tank was left transparent to record the side view of 2 3 5 the fish. A preliminary experiment showed that S. marmoratus actively fed in low light 2 3 6 conditions, so two LED bulbs covered with red cellophane were used to illuminate the 2 3 7 tank. The light intensity was maintained at 54 lux. Two synchronized high-speed video 2 3 8 cameras (HAS-L1, Ditect Co., Tokyo, Japan) were used to record dorsal and side views 2 3 9 of the fish simultaneously. (Note that we only used the dorsal views in this study.) 2 4 0 An individual S. marmoratus starved for at least 24 h was first introduced into 2 4 1 the experimental tank and allowed to acclimate for 30 min. An individual P. major was 2 4 2 then introduced into a PVC pipe (60 mm diameter) with 112 small holes (3 mm 2 4 3 diameter) set in the center of the tank, and acclimated for 15 min. The 15-min period 2 4 4 was chosen because a preliminary experiment showed that the fish settled down and 2 4 5 opercular beat frequency recovered to the basal level within at most 15 min. After the 2 4 6 acclimation period, the trial was started by slowly removing the PVC pipe to release the 2 4 7 P. major. When S. marmoratus attacked the P. major, we recorded the movements of 2 4 8 both predator and prey using the high-speed video cameras. If S. marmoratus did not 2 4 9
show any predatory movements for 20 min, the trial was ended. Seven S. marmoratus 2 5 0 were repeatedly used, but each P. major was used only once. Because the vertical displacements of both fishes were negligible, we only used the 2 5 4 1 2 dorsal video views in our analyses. Before measuring the kinematic and behavioral 2 5 5 variables, we noted the kinematic stage in which each prey was captured. The escape 2 5 6 response of P. major and the predatory strike of S. marmoratus were then analyzed 2 5 7 frame by frame using Dipp-Motion Pro 2D (Ditect Co., Tokyo, Japan). The CM and the 2 5 8 tip of the snout of P. major, and the tip of the snout of S. marmoratus, were digitized in 2 5 9 each frame, and the following variables were calculated:
Flight initiation distance: the distance between the predator's snout and the 2 6 1 prey's CM at the onset of stage 1 (Fig. 6, D0 ). Initial orientation (°): the angle between 2 6 2 the line passing through the predator's snout and the prey's CM, and the line passing through the prey's CM and the prey's snout at the onset of the stage 1 ( Fig. 6, A0 ). Turn cumulative distance the predator's snout moves during the period between the onset of 2 6 9 stage 1 and 0.01 s before the onset of stage 1, multiplied by 100. When prey fish did not show escape responses (n=3, Fig. 1 ), the flight 2 7 1 initiation distance was regarded as 0. The initial orientation relative to a predator was 2 7 2 calculated at the onset of the predator's strike. The predator speed was calculated during 2 7 3 the period between the time of capture and 0.01 s before the time of capture. Of the 151 digital films recorded, 46 were used for the data analyses. First, fish that 2 7 7
were not sufficiently far from the wall (more than one total length) were omitted from 2 7 8 1 3 the analysis to eliminate possible wall effects (Eaton and Emberley, 1991) . Second, only 2 7 9 fish that initiated an escape response from a state of rest were used in the analysis (we 2 8 0 excluded cases where S. marmoratus chased P. major that were already swimming). To test the hypothesis that initial orientation affects escape probability, the 2 8 2 effects of initial orientation on escape probability were evaluated using a generalized in previous studies (Dangles et al., 2006; Stewart et al., 2013; Walker et al., 2005) .
Predator ID was also included as a random factor because unknown predator abilities 2 9 1 may affect the evasion outcome. The significance of the explanatory variables was then for estimating the escape probability was also determined by progressively removing 2 9 5 the explanatory variables when the variables were not significant in the LR test. The second hypothesis, that initial orientation decreases the turn angle and its analysis (n=24, Fig. 1 ). Turn angle or turn duration was used as the objective variable, Prey animals can have spatial bias in detecting an attacking predator (e.g., from 3 0 4 a sensory blind zone) (Domenici, 2002; Tyrrell and Fernandez-Juricic, 2015) . Therefore, 3 0 5
we examined whether the initial orientation affected the responsive parameters. Because 3 0 6 a majority of the prey (43/46, 93%) showed escape responses, we could not conduct any as the objective variable, and initial orientation and predator speed were considered as 3 1 4 explanatory variables. Predator ID was also included as a random factor. The Austria) with the package lme4 for GLMM and LMM, and the package gamm4 for 3 1 8 GAMM. We thank N. Nishiumi, I. Nakamura and A. Matsuo for their help with the experiment, for kindly allowing us to use their high-speed video camera. We also thank Nagasaki Takashima Fisheries Center for kindly providing hatchery-reared red seabream. No competing interests to declare. This research received no specific grant from any funding agency in the public, 3 3 5 commercial, or not-for-profit sectors. interactions are available as supplementary information in Table S1 . 
